1999; Strahl and Allis, 2000).
point (Osmani et al., 1991b), NIMA activity is required
Results for its translocation to the nucleus to allow mitotic entry (Wu et al., 1998 NIMA using a strain that carried the nimA5 temperatureSer-10 phosphorylation initiates prior to spindle formasensitive mutation. Cells were grown to log phase in tion and is maximal during mitosis-paralleling chromoliquid culture prior to rapid temperature shift to 42ЊC for some condensation. Mitotic phosphorylation of histone 3 hr to inactivate NIMA kinase activity and arrest cells H3 Ser-10 occurs downstream of both NIMA and in G2. A wild-type strain was used as a control. Cells NIMX cdc2 activation and can be induced by NIMA expreswere then released to the permissive temperature in sion in asynchronous cells even in the absence of the presence of nocodazole to trap them in mitosis. NIMX cdc2 activity. Moreover, we show that histone H3 Immunoblot analysis indicated that a low level of SerSer-10 phosphorylation is inappropriately induced by 10 phosphorylated histone H3 was detected in the log NIMA overexpression in S phase-arrested cells. We also phase cultures of both the nimA5 and wild-type strains characterize the localization of NIMA through mitosis, (Figure 2A ). At the nimA5 arrest point, Ser-10 phosphoryand at the onset of histone H3 phosphorylation, NIMA lation of histone H3 was not observed; however, upon displays a chromatin-like staining pattern. NIMA then return to the permissive temperature and entry into mitotransiently localizes to the spindle microtubules and sis, high levels of Ser-10-phosphorylated histone H3 spindle pole body following metaphase. Finally, NIMA were detected (Figure 2A) . The low-level phosphorylacan phosphorylate histone H3 at Ser-10 in vitro. This tion detected in the wild-type strain following temperaestablishes that NIMA is both required and sufficient to ture shift to 32ЊC is due to the small increase in the trigger H3 phosphorylation and that it is present at the mitotic index expected when cells are incubated in nocorrect time and location to perhaps help promote chrocodazole for 10 min. The results were confirmed by mosome condensation through histone H3 phosphorylation.
indirect immunofluorescent staining of germlings before analyzed by immunoblotting for Ser-10-phosphorylated histone H3 Cells, either wild type or a nimA5 strain, were grown to early log or tubulin as a loading control. phase (log) at the permissive temperature prior to temperature shift (B) A control strain not containing extra copies of nimA (SO65) or a to 42ЊC for 3 hr to arrest at the nimA5 arrest point (42ЊC). Cells were strain containing extra copies of alcA::nimA (RP2) were grown to then synchronously released into mitosis by rapid downshift to 32ЊC log phase in minimal medium acetate at 32ЊC (log; repressing). Hyin the presence of nocodazole and samples taken after 10 min droxyurea was then added to 50 mM and cells grown for another (32ЊC). /NIME cyclinB is dependent that NIMA was able to phosphorylate histone H3 in upon NIMA activity (Wu et al., 1998). Thus, the interplay vitro, displaying a pattern of activity toward this subbetween these two kinases is important in the orchestrastrate through mitosis identical to the nonphysiological tion of mitotic events such as spindle formation and ␤-casein substrate ( Figure 7A) . chromosome condensation. Here we have established To determine if phosphorylation of histone H3 by that NIMA may play a more direct role in chromosome NIMA was occurring on Ser-10, we performed kinase dynamics through histone H3 phosphorylation. assays as above and immunoblotted for histone H3 phosphorylated on Ser-10. Bacterially expressed NIMA is active as a kinase and was used for these assays to NIMA Is a Mitotic Histone H3 Kinase Histone H3 Ser-10 phosphorylation occurs downstream eliminate the possibility of associating kinases being present. Under these conditions, NIMA was able to of nimA activation following release from the nimA5 arrest point in late G2. Evidence that NIMA directly funcphosphorylate histone H3 at Ser-10 with the phosphoepitope being detectable as soon as the kinase was tions in the pathway leading to histone H3 phosphorylation comes in part from overexpression experiments. added to the reaction ( Figure 7B ). Levels of Ser-10-phosphorylated histone H3 were further increased by Specifically, ectopic expression of NIMA is able to promote histone H3 Ser-10 phosphorylation and, moreover, 15 min by which time the reaction was complete ( Figure  7B ). No immunoreactive bands were produced if either overcome normal cell cycle constraints and induce histone H3 Ser-10 phosphorylation in S phase-arrested NIMA or histone H3 was omitted from the reaction even after incubation for 60 min ( Figure 7B ). To provide further cells. Histone H3 is an integral component of nucleosomal evidence that NIMA is able to phosphorylate Ser-10 on histone H3, we examined the ability of NIMA to phoschromatin, thus necessitating that the Ser-10 kinase be nuclear at the G2/M transition. We have previously demphorylate a peptide containing the first 20 amino acids of the N-terminal of histone H3 (Hendzel et al., 1997) .
hr to arrest cells in S phase (HU). Cultures were then placed in
onstrated that NIMX cdc2 /NIME cyclinB becomes nuclear at the G2/M transition and that this localization depends on As a negative control, we used a peptide containing an alanine in place of serine at position 10 (hist H3 S10A).
NIMA activity (Wu et al., 1998). However, NIMA-induced histone H3 Ser-10 phosphorylation can occur at the Quantitation indicated that NIMA was able to phosphorylate the unmodified peptide almost 30 times more efrestrictive temperature for the nimX3 cdc2 mutation, indicating that cdc2 kinase activity is not directly involved fectively than the hist H3 S10A peptide ( Figure 7C activity, NIMX cdc2 is still likely to be important for the regulation of histone H3 phosphorylation. We have shown here that nuclear localization of NIMA occurs downstream of the nimA5 or nimT23 cdc25 arrest points, indicating that both of these kinase activities are required for this event at mitosis. In the case of overexpression of NIMA, it is likely that the requirement for NIMX cdc2 activity for the nuclear localization of NIMA is negated by high levels of NIMA expression.
Chromatin condensation promoted by NIMA overexpression often leads to atypical nuclear morphologies and fragmented nuclei (Osmani et al., 1988) . This is in part because chromatin condensation is induced at inappropriate points in the cell cycle in the majority of pyrG89; pyr4ϩ; one extra copy nimA-4xHA; nicA2; chaA1), LPW51 (pyrG89; pyr4ϩ; nimA5-4xHA; wA2; cnxE16; choA1; sC12; yA2;
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